Two newly synthesized pyrimidine derivatives were found to possess antiviral activity against Mengovirus in Fogh and Lurid (FL) cells and in a cell-free system. The inhibitory effect on RNA-dependent RNA polymerase of Mengovirus-infected FL cells was assayed using '4C-UTP as precursor. Addition of 5 ° or ~oo/tM of the inhibitors in a cell-free system of crude enzyme and nucleoside triphosphate medium for 60 rain incubation at 37 °C resulted in about 4o to 60 % lower counting rates for drug-treated reaction ~mxtures. The alaalysis of the polymerase synthesis product (virus RNA extracted from the cell-free reaction mixture and deproteinized by the phenol-SDS method) was carried out by means of agarose-acrylamide gel electrophoresis. The main finding was a reduction of single-stranded Mengovirus RNA (RNase-sensitive and LiCl-precipitable). The rates of synthesis of the replicative intermediate (LiCl-precipitable) and the replicative form of RNA (LiCl-soluble) were not significantly influenced.
INTRODUCTION
Cell-free systems have been used extensively to study the mechanism of replication of viruses and to delermine the effects of biologically active compounds on the synthesis of virus components. Results from previous studies performed in our laboratory (Tonew & Tonew, r974; Tonew, Tonew & Heinisch, I974b ) had indicated that isatinisothiosemicarbazones are active in the early stage of Mengovirus replication in FL cells. Within this period of replication RNA viruses induce the synthesis of a specific polymerase. In cellular as well as in cell-flee systems, a partial inhibition of RNA-dependent RNA polymerase of Mengovirus was accomplished by these compounds (Tonew, L6ber & Tonew, ~974a) . The present report describes studies on a similar mechanism of a new group of antiviral pyrimidine derivatives.
METHODS
Virus. Mengovirus, plaque-purified, was used as previously described (Tonew & Tonew, I97I) .
Agar diffusion plaque inhibition test. This method was performed as reported by Tonew & Tonew (I969) .
Cell cultures and virus-induced RNA polymerase assay. The methodology was described previously by Tonew et aL (I974a) . Cell-free system. A cell-free preparation of about ~ mg/ml protein was resuspended in I ml (final volume of reaction mixture) of 2o/~mol tris-HCl (pH 8.0) containing 2 #reel MgCI~, 2/zg actinomycin D, Io#g pyruvate kinase, Io/tmol phosphoenol pyruvate, I4/zmol 2-mercaptoethanol, o.2 #mol each of ATP, GTP, CTP and IO #Ci 14C-UTP. The reaction mixture was incubated at 37 °C for 12o rain, and subsequently the iadioactivity of acidinsoluble material was measured as follows: 0"3 ml samples were removed at appropriate intervals, and the reaction was stopped by addition of o'4 ml o. 5 N-ice-cold HC104, o.I M-Na2P2 07 and 5 ml of IO % trichloracetic acid, ethanol and ethyl ether. The samples were placed into vials with toluene (PPO-POPOP scintillator) for radioactivity measurements in a Packard Tricarb liquid scintillation counter. Pol£acrylamide gel electrophoresis of virus RNA. The process was carried out with 2.8 % composite acrylamide gels (agarose 0"5 %, acrylamide 2"7 %, o'14 % N,N'-methylene-bisacrylamide, and o'5% SDS) at pH 8"3 according to Peacock & Dingman (1968) . The samples (o.I ml) were electrophoresed for 2 h at 3"5 mA/gel. Mobilities were expressed as distance migrated relative t o that of a bromophenol blue dye marker. The gels were sliced into 1-3 mm fractions, solubilized and counted for radioactivity as described by Wall & Taylor 0969) . Marker FL cell ribosomal RNA (rRNA) was prepared by a modification of the method of Scherrer & Darnell (1962) according to Ziola & Scraba (1974) . FL cells growing in stationary cultures were labelled with aH-uridine (1.5 #Ci/ml) for 14 h, scraped from the glass and suspended in RNA buffer (o.o6 ~-NaCI; o.oI M-tris-HC1, pH 7"4; and o-eel M-EDTA) at approx. 20 times their original volumes. The cell suspension was made to SDS o'5 % and 0.2 % DOC and shaken mechanically for lo rain with an equal volume of phenol saturated with RNA buffer. The upper aqueous layer and the interface material were recovered by centrifuging at 15oo g for ~ 5 rain. The same procedure was repeated twice, and the mixture was incubated for 5 min at 55 °C and then chilled in ice. After centrifugation the aqueous layer was collected and residual phenol was removed by extraction with ether. The rRNA was precipitated by adding three vol. of 95 ~' ethanol and stored at -2o °C.
Chemicals, reagents, solutions and isotopes. Each was obtained as follows: Actinomycin D (Serva, Heidelberg, FRG); tris buffer 'reinst' (Arcochemie, Berlin); z-mercaptoethanol (E. Merck, Darmstadt, ERG); EDTA (VEB Berlin-Chemie, Berlin-Adlershof, GDR); Eagle's MEM (Institut far NS.hrmedien und Immunprfiparate, Berlin-Weissensee, GDR); agarose (Phamacia Fine Chemicals, Uppsala, Sweden); 5 g/l PPO (diphenyloxazole) and 0. 3 g/l POPOP (diphenyloxazolbenzole) in toluene as scintillator (Packard Instrument International S. A., Zt~rich, Switzerland); pancreatic ribonuclease (E. Merck, Darmstadt, FRG); 5-3H-uridine (sp. act. 5"83 Ci/mmol) and a4C-uridine-5'triphosphate ammonium salt (sp. act. 4o5 Ci/mmol; Radiochemical Centre, Amersham, England).
Test compounds', 2,6-bis(diethylamino)-4,8-bis(cyclohexylamino)-pyrimido [4,5-d]pyrimidine (AWD 625) and 2, 4, 6, 8-tetra(N-methyl-N-ethanolamino)-pyrimldo[5,4]-pyri- midine (AWD 627) were synthesized and kindly provided by Dr Goldner, VEB Arzneimittelwerk Dresden, GDR (Tonew et al. 1975) . The compounds were dissolved in DMSO and diluted i-ioo or more in distilled water for use.
I~.ESULTS
Antiviral activity of the pyrimidine derivatives A WD 625 and 627 In the agar diffusion plaque inhibition test, both compounds at a concentration of 50 mM showed antiviral activity as demonstrated by moderate plaque-free areas without cytotoxic zones. In a one-step growth cycle of Mengovirus, carried out with concentrations of 1oo/~M of AWD 625 and 5o #M of AWD 627, the compounds indicated a high protection from virus-induced c.p.e, and nearly complete suppression of virus multiplication, demonstrating > 99 % inhibition of the infectious virus yield (Table I) .
Influence of A WD 625 and 627 on Mengovirus potymerase activity
The standard cell-free system, using Mengovirus-infected FL cells 5 h post infection, demonstrated in the presence of the four triphosphates and actinomycin D a good incorporation of labelled UTP into the acid-insoluble material after incubation at 37 °C for 60 to I8o min. On the other hand, the same cell-free system without addition of the unlabelled triphosphates showed a diminution of virus RNA accumulation, indicated by lower incorporation rates. Addition of the two pyrimidine derivatives to the standard MMF r~action mixture resulted in a significant decrease of virus RNA synthesis. Addition of DMSO (5 %) failed to influence the synthesis of Mengovirus RNA by the MMF (Table 2) . It can, therefore, be concluded that the cell-free system of Mengovirus-infected FL cells employed was functionally able to give further information regarding which steps in the formation of virus RNA species were affected. 
Analysis of the polymerase product by potyacrylamide gel electrophoresis
The Mengovirus RNA polymerase synthesis product extracted from the MMF reaction mixture of the virus control showed a standard profile as depicted in Fig. I . After treatment with pancreatic ribonuclease (m and zo ,ug/ml), the ribonuclease-sensitive ssRNA disappeared completely (Fig. 2) . Identification of the profile, performed by means of LiC1 precipitation of virus-specific RNA extracted from the reaction mixture, revealed two peaks of label in the precipitate and one peak in the supernatant material. Addition of zo #g/ml of ribonuclease to the samples led to complete digestion of the ssRNA in the LiCl-precipitated material ( Fig. 3 and 4) . Thus, incorporation of laC-UTP into all three classes of virus RNA, i.e. LiCl-insoluble ssRNA and RI-RNA as well as LiCl-soluble RF-RNA, could be substantiated.
After treatment of the reaction mixture with the pyrimidine compounds a marked reduction of the ssRNA peak was observed. The diminution of labelled virus ssRNA by AWD 625 and 6z 7 amounted to 43 and 56 %, respectively. The precursor incorporation rate into the Mengovirus RI-and RF-RNA remained apparently on the same level as in the controls . After incubation at 37 °C for 60 rain, virusspecific RNA was extracted and deproteinized as described in Methods. The samples were loaded on to an agarose-acrylamide gel and run under standard conditions. Arrow indicates localization of 28S ribosomal RNA. A--A, Total Mengovirus RNA synthesized in the standard reaction mixture after treatment with 2o#g/ml of pancreatic ribonuclease; ©--©, total virus-specific RNA synthesized in standard reaction mixture after treatment with 1o #g/ml of pancreatic ribonuclease, (Fig. 5 ). To establish this inhibitory effect more closely, a standard MMF reaction mixture of Mengovirus-infected FL cells was mixed with 2o #g/ml pancreatic RNase and I (}/ DOG and the mixture incubated for I6O rain at 37 °C together with either of the pyrmidine derivatives. Incorporation of 14C-UTP into virus RNA was then determined at varying times during the incubation period ( Fig. 6 ). (Double stranded [ds] RNA is not hydrolysed under these experimental conditions.) This assay demonstrated only small differences between treated and untreated samples after 4o rain at the end of the incubation time.
DISCUSSION
The inhibition of multiplication of pathogenic RNA and DNA viruses by pyrimidiue derivatives in cellular systems has been described by several workers (Knox, Robbins & Smith, 1957; Sidwell, Arnett & Brockman, 197o; Willitzer et al. t972; Rada et aL 1974) . Nothing is known, however, about the inhibition of virus reproduction by pyrimidine derivatives in cell-free sytems.
In the present study three classes of Mengovlrus RNA could be identified in a cell-free system derived from Mengovirus-infected FL cells with nucleoside triphosphate medium in the same manner as in Mengovirus-infected L and bovine kidney cells (Wall & Taylor, 197o) . In the presence of the pyrinlidine derivatives (AWD 625 and 627), production of virus-induced RNA was influenced exclusively with respect to the accumulation of virus ssRNA. The significantly reduced synthesis of Mengovirus ssRNA may be interpreted as a function of suppression of virus RNA polymerase activity. Recently, we have shown that, under the same experimental conditions, without addition of inhibitors, labelled UTP continued to be incorporated into acid-insoluble nucleotidcs for at Ieast 3 h incubation of cell-free extracts of Mengovirus-infected FL cells (Tonew et al. 1974a) . Therefore, the small diminution of the incorporation rate of the precursor later than 4o min into double-stranded Mengovirus RNA as observed in the time-course studies, can be interpreted as a weak influence by the inhibitors. Virus RNA directed the synthesis of specific proteins and was found in the early stage of Mengovirus-infected L cells in the polyribosomes (Tobey, 1964 ) . This production of virus-specific polymerase can be influenced by virus-specific inhibitors (Baltimore et al. I963) .
